In Sudan the prevalence of diabetes has been estimated to between 3.4% and 10.4%, the latter figure in certain communities in the Northern State, (Elamin et al. 1992; Elbagir et al. 1996 Elbagir et al. , 1998 . Due to limited resources, most patients do not receive a satisfactory diabetes care and education, resulting in a low rate of clinic attendance and dietary noncompliance leading to poor glycaemic control, a high prevalence of acute and chronic complications and a low quality of life (Elbagir et al. 1995a (Elbagir et al. , 1995b (Elbagir et al. , 1999 Abdelgadir et al. 2003) .
For both type 1 and type 2 diabetes, the clinical course and prognosis for the development and progression of both macro-and microvascular complications are linked to the glycaemic control and duration of diabetes. Infections and foot ulcers are common complications of diabetes secondary to peripheral vascular disease and diabetic neuropathy. Approximately 15% of the diabetic patients develop foot ulcerations, which may lead to lower limb amputations including a significant increase in postoperative mortality (Pecoraro et al. 1990; Reiber 1996) .
The adverse impact of lower limb amputations (LLA) on health-related quality of life (HRQOL) in patients with diabetes mellitus has been shown in recent studies (Willrich et al. 2005; Meatherall et al. 2005 ). The quality of life of an individual is multifaceted, based on the patient's own perception of health. HRQOL includes not only the physical functioning but also psychological and social dimensions. The patient's coping capacity was found to be an important determinant of HRQOL. (Antonovsky 1987; McHaffie 1992) .
As there are no available data on African populations, the aim of this study was to explore the effect of lower limb amputation (LLA) on health related quality of life in Sudanese diabetic subjects.
MATERIALS AND METHODS

Study design and patients
In this cross-sectional study sixty diabetic subjects (males/ females, 40/20) with lower limb amputations were recruited from the outpatient diabetes clinic, Omdurman Teaching Hospital. Inclusion criteria were age > 20 years, duration of diabetes > 1 year, and above ankle joint amputation with > 1 year since amputation. The patients with lower limb amputation were 57.4 years old and had had diabetes for 15.6 years. Time since amputation was 5.3 years (Table 1) . Another consecutive 60 (males/females, 23/37) diabetic subjects without LLA served as a reference group for HRQOL. Selection criteria for this group were age > 20 years and duration of diabetes > 1 year. The mean age in the reference group was 52.8 years and the patients had had diabetes for 8 years. Informed consent was obtained from all subjects and the study was approved by the ethical committee-Federal Ministry of Health, Khartoum/Sudan.
Demographic and clinical assessments
A questionnaire was used to record demographic and clinical characteristics of the study subjects. The questions included records of characteristics of diabetes such as duration of the disease, mode of treatment, self-rating of blood glucose; also level of amputation, time elapsed since amputation, and if the foot care information given was followed.
HRQOL assessment
The Medical Outcomes Study questionnaire was used to measure HRQOL (Stewart 1992) . It included questions on physical functioning, physical role, negative and positive feelings, emotional role, family satisfaction, sleep and general health. The questions within each domain were summed and linearly transformed into 0-100 scales such that a high score indicates better health. The questionnaire has been validated for use in African countries and found to be reliable and valid Wagner et al. 1999 ).
Sense of coherence
For the diabetic subjects with LLA, the questionnaire also included Antonovsky's Sense of Coherence scale (SOC-13), which is a short version of SOC-29 with the same good validity, reliability and feasibility when applied in different cultures and languages (Antonovsky 1993; Bowman 1996; Erikson & Lindström 2005) . The questions are arranged on 7-point Likert scales and summed into a SOC score ranging from 13 to 91. A high score indicates better coping capacity. Crohnbach's alpha coefficient for SOC was 0.84.
The symptom check list
A symptom check list, consisting of 30 self-perceived physical, psychological, and general symptoms from the Gothenburg Quality of Life Instrument (GQL) was used for diabetic subjects with LLA (Tibblin et al. 1990) . In this questionnaire the diabetic subjects were requested to reply with yes/no to the question: (have you been troubled by any of the following symptoms during the last month), the symptom categories included head, musculoskeletal, gastrointestinal and urinary, cardiopulmonary, metabolic, depression and tension. This symptom checklist has shown to be reliable with high internal consistency reliability (Sullivan et al. 1993; Rudberg et al. 2002) .
All questionnaires were filled out during interviews with the patients.
Statistics
Statistical analysis was performed using the program Statview for Windows 5.0.1 (SAS Institute Inc, Cary NC). Results are given in mean ± S.D. unless otherwise specified.
Comparisons between groups were performed with the Student's t-test or its nonparametric version (Mann-Whitney U-test) where relevant, and between frequencies with the χ 2 test. Stepwise multiple regression analysis was performed to determine variables contributing to the variation in HRQL domains. Independent variables for multiple regressions were selected by identifying significant variables in χ 2 -tests between the dependent variables and each independent variable. A P-value < 0.05 was considered significant.
RESULTS
Demographic and clinical characteristics of both groups are shown in Table 1 . No differences were found in education when comparing the two groups ( p = 0.26) but subjects in the reference group were significantly younger and had shorter duration of diabetes. Among diabetic subjects with LLA, 44 (73.3%) had below knee amputation and 16 above knee amputation. Forty-four of the diabetic subjects with LLA had a history of previous LLA. Twentyeight (46.7%) rated their average blood glucose in the range (10-16.7 mmol/l), while 5 (8.3%) had average blood glucose > 16.7 mmol/l during the latest 6 months.
HRQOL
Patterns of HRQOL in diabetic subjects with LLA and reference subjects are shown in Table 2 . Patients with LLA were significantly more satisfied with their family life compared to the reference group. In all other domains they had significantly poorer HRQOL except for positive feelings. Same observation was present when comparing a subgroup (n = 44) of the diabetic subjects with LLA who were younger (53.1 + 8.2 years vs. 52.8 + 10.8 years, p = 0.75) and (n = In subjects with LLA no significant differences were found between males and females except for role physical for which females had a slightly better score than males ( p = 0.04) and also better sleep was reported for females ( p = 0.002). The same comparison between genders in the reference group was non-significant for all variables. Duration of diabetes in subjects with LLA did not correlate with either physical functioning or role physical, but it showed significant negative correlation with all other HRQOL domains ( p < 0.0001).
It was also found that the time since amputation was negatively linked to HRQOL ( p < 0.0001). In reference subjects duration of diabetes showed a significantly negative correlation with all HRQOL domains ( p < 0.0001).
In the stepwise multiple regression model in the diabetic subjects with LLA (Table 3 .), amputation explained 68% of the variation in physical functioning, 62% in role physical, 41% in role emotional, 19% in negative feelings and 12% of the variation in family satisfaction. However, amputation was not found to affect positive feelings or sleep. 
Sense of Coherence
Among the diabetic subjects with LLA the mean SOC was 52.6 + 8.6. Sense of Coherence in this group showed negative correlation with both duration of amputation and duration of diabetes ( p < 0.0001) respectively, but positive correlation with the overall HRQOL ( p < 0.0001). SOC did not differ between males and females of the group (53.1 + 8.4 vs. 52.0 + 9.3, p = 0.61). Also SOC in subjects with LLA did not correlate either to negative feelings ( p = 0.46) or to role emotional ( p = 0.07). On the other hand it correlated significantly negative with physical functioning and role physical, and showed a significant positive correlation with positive feelings, family satisfaction and sleep ( p < 0.0001) respectively. SOC among this group was found to be positively linked to age ( p = 0.005). Also SOC was higher among those who followed information about foot care compared to others who did not (54.7 + 8.2 vs. 47.8 + 7.8, p = 0.004).
Symptom check list
The prevalence of symptoms in the LLA group ranged between 0% for irritability to 76.7% for visual impairment (Fig.1 ). Other symptoms with high prevalence among this group were general fatigue (50%), nervousness and sweating (53.3%) and depression, joint and leg pain (31.7%) respectively. In subjects with LLA the symptoms correlated positively with both duration of diabetes and duration of amputation, and negatively with SOC ( p < 0.0001). Presence of symptoms also correlated negatively to HRQOL domains in particular negative feelings, positive feelings, family satisfaction, sleep ( p < 0.0001), and role emotional ( p = 0.0003), but was not associated with physical functioning or role physical.
DISCUSSION
This cross-sectional study of Sudanese subjects with diabetes mellitus is the first where HRQOL has been investigated in an African population with diabetes-related lower limb amputation. In this study the HRQOL for the diabetic subjects with lower limb amputation was found to be low compared to diabetic reference subjects. This poor quality of life among diabetic subjects with LLA could be linked to their limitation in physical functioning and mobility as appeared from the severe impairment of both physical functioning and role physical in the study. This was confirmed by the multiple regression results that showed amputation as the strongest independent variable explaining variation in Fig. 1 . The symptom checklist, prevalence of symptoms (%) in 60 diabetic subjects with lower limb amputation. physical role (Price 2004; Meatherall et al. 2005) . Also the decreased mobility of amputees could have a negative effect on their psychological status, compared to the reference diabetic subjects (Carrington et al. 1996) . However, the most interesting finding in this study was the significantly better family satisfaction surrounding the diabetic subjects with LLA, and this reflects the strong social structure of the Sudanese society, which probably explains why positive feelings among subjects with LLA were not different when compared to reference subjects. However, this apparently accomplished by high cost on the whole family, in both integrity and economical status.
Other factors which had negative impact on the quality of life among diabetic subjects in this study were the duration of diabetes in both reference subjects and subjects with LLA. The absence of links between diabetes duration and both physical functioning and role physical, could strengthen the role of the functional and mobility status as an independent factor influencing quality of life in diabetic subjects with LLA. However, in some studies impaired general functional status in diabetic people with LLA has been previously reported (Peters et al. 2001; Meatherall et al. 2005) . Time elapsed after amputation, also appeared to decrease quality of life among the diabetic subjects with LLA, which may be linked to a more severe course of other complications to diabetes.
In this study we found that the sense of coherence was a major mediator of HRQOL in diabetic subjects with LLA. Sense of coherence has been proposed to affect psychological and physical wellbeing in people with diabetes (Cohen and Kanter 2004) . Sudanese diabetic subjects with LLA have a relatively low sense of coherence, corroborated by the finding that that the SOC-13 score ranged between 35.4 + 0.1 and 77.6 + 8, as has been shown in different studies (Erikson and Lindström 2005) . Similar to previous studies SOC was related to better quality of life and tends to improve with age (Lindstrom and Eriksson 2005) .
Importantly, the better sense of coherence in Sudanese diabetic subjects with LLA was linked to worse functional and mobility status per se, as it correlated negatively to both physical functioning and role physical indicating remarkable failure in coping capacity in relation to amputation (Karlsson et al. 2000) . Gender differences were not observed grouping this study, however, women were shown to score relatively low on SOC due to exclusive social factors in the community rather than biological differences (Erikson and Lindström 2005) . SOC correlated positively with sleep, family satisfaction and positive feelings and positively influenced following information about foot care. Health related quality of life and SOC in Sudanese diabetic subjects with LLA were decreased when more general symptoms were present. Most prevalent symptoms were related to diabetes complications and that explains the link between both duration of diabetes and amputation and the symptom checklist. Still, the missing link between the prevalence of symptoms and both physical functioning and role physical could put emphasis on the role of functional and mobile status as independent factors determining HRQOL among Sudanese diabetic subjects with diabetesrelated lower limb amputation.
It is important to point to the fact that 73.3% (44/60) of the patients with LLA had earlier experience of lower limb amputations, which is probably explained by the lack of the appropriate health services at the primary level for this population, inadequate diabetes education and foot care programs.
Limitations: The present study may have certain limitations concerning the differences in age and diabetes duration between the LLA group and the reference group. As older patients with longer diabetes duration were shown to have significantly higher prevalence of long-term diabetes complications among this population (Elbagir et al. 1999) , recruiting healthy diabetic subjects resulted in having younger patients with shorter disease duration. In the stepwise multiple regression analyses we though found that age contributed only 1% to the variation in physical functioning and diabetes duration increased the explained variance in role physical with only 1.7%. To further control for differences in age and diabetes duration we compared subgroups of patients in the same age and with almost equal diabetes duration and found the same HRQOL pattern as in the total groups.
A prospective longitudinal study could have given us more information about factors affecting HRQOL but in Sudan it is extremely hard to perform a longitudinal study due to the lack of continuity in diabetes care.
In conclusion, we showed in this study that Sudanese diabetic subjects with LLA had lower health related quality of life compared to reference subjects. Multiple contributory factors influenced this lower quality of life, including duration of amputation, decreased sense of coherence and coping capacity and increased prevalence of general symptoms. However, functional and mobility status are suggested to play a potential role in determining the health related quality of life among this population. This puts serious emphasis on organization of health care for people with diabetes as a whole in Sudan, and on increasing the awareness by having intensive foot care programs.
